ABSTRACT.--Nesospiza buntings have speciated at the Tristan da Cunha archipelago in the central South Atlantic Ocean. Two species, the Tristan Bunting (N. acunhae) and Wilkins' Bunting (N. wilkinsi), differ markedly in size and co-occur without interbreeding on Nightingale Island. Nearby Inaccessible Island supports two altitudinally segregated color morphs of N. acunhae, as well as a hybrid complex involving acunhae and wilkinsi. Plumage variation was evaluated for 581 buntings, most of which were caught on Inaccessible Island. Nesospiza plumages vary with age and sex; immature plumage is retained for at least two years. Despite age and sex differences, there is no overlap in coloration between the upland and lowland morphs of N. acunhae on Inaccessible Island. The two morphs are distinct from the time of hatching; chicks of lowland acunhae are pinkish, whereas upland acunhae are yellow. Color differences between acunhae morphs were quantitative rather than qualitative; their feathers contain the same suite of carotenoid pigments, but at three times greater concentration in upland birds. Dispersion of different bunting populations on Inaccessible Island is closely related to vegetation types. Individually marked individuals were largely sedentary; only immature birds moved more than 400 m. The parapatric dispersion of acunhae morphs probably results from habitat-specific dietary differences. Nertera fruits are likely sources of carotenoid pigments in the diets of buntings, but feeding experiments on captive birds are needed to elucidate fully the basis of color variation between morphs. Whatever the proximate cause, plumage-color variation may allow population differentiation if birds mate assortatively on the basis of color. A review of previous visits to the islands suggests that the diversity of forms on Inaccessible Island could have been overlooked. Received 3 August 1992, accepted 22 November 1992. MUCH OF OUR CURRENT understanding of the evolution of natural populations has come from studies of small, isolated populations that have the potential for relatively rapid evolutionary change. Among birds, study of the radiation of There have been relatively few passerine radiations arising from a single ancestral group that arrived at an oceanic archipelago (Lack 1947(Lack , 1971 Plumage variation within taxa.--Plumage varies both with age and sex. Breeding takes place in early to midsummer (austral), and is followed by a complete postbreeding molt. At least some nonbreeding birds begin molt earlier than do breeding birds. There is no evidence of a prebreeding body molt (although this may occur before our earliest arrival at the islands in midSeptember; there are no observations or specimens collected during winter). The plumage of fledglings (juveniles) is characterized by extensive streaking produced by dark grayishbrown (20) feather centers. This streaking is retained after the postjuvenile molt of contour feathers, which occurs six to eight weeks after hatching. In addition to the dark feather centers on all contour feathers, immature plumage is characterized by narrower pale fringes to the wing and tail feathers than adult birds. The color of the pale fringes on the upperpart feathers tends to be more buffy and less green than those of adults. The only region lacking streaks is the central belly.
calities (Fraser and Briggs 1992).
In this paper, we address these omissions and examine the possible basis of color variation among Tristan Buntings on Inaccessible Island. We also report the occurrence of widespread interspecific hybridization between Wilkins' and Tristan buntings on the eastern plateau of Inaccessible Island, and give an account of the dispersion of buntings of various taxa in relation to vegetation types. This paper describes the diversity of Nesospiza populations on the basis of plumage variation, and reports their dispersion and movements on Inaccessible Island; details of their morphology, ecology and evolution are presented elsewhere.
METHODS
The Tristan da Cunha group of islands lies near 37øS, 12øW in the South Atlantic, roughly midway between the southern tip of Africa and South Amer- Nightingale Island during 1988 and 1989. We caught 581 buntings, some 5% of the population, using hand nets or mist nets. We described plumages and related these to bird age and sex based on field observations (breeding status, song, etc.). Subjective estimates of color were made by comparison with color swatches (Smithe 1974 (Smithe , 1975 (Smithe , 1981 ; colors used in this paper are followed, parenthetically, by their Smithe reference number. Buntings were marked with unique combinations of one metal and two color bands; resightings of banded birds were used to estimate movements.
Buntings were caught on Inaccessible Island in all three major habitat types: Spartina arundinacea tussock grassland on the coastal lowlands and seaward cliffs; Blechnum palmiforme wet heath on the western plateau; and Phylica arborea woodland on the eastern plateau (Roux et al. 1992). Although sampling occurred over most of the island, most birds were caught in three study areas, one in each vegetation type (Fig.  1) . On Nightingale Island, buntings were caught along the path from the huts (at sea level) to The Ponds (altitude 200 m) in tussock grassland with some Phylica trees, similar to habitat found at Blenden Hall.
A permit was issued to collect six Tristan Buntings and one Wilkins' Bunting from each taxon, including the two color morphs of Tristan Bunting on Inaccessible Island. In addition, a few buntings were killed accidentally. Flat skins prepared from all collected birds are housed in the Durban Natural Science Museum (DM 36356-DM 36379). These skins were used to assess objectively color differences between bunting plumages. The gross distribution of pigment types in feathers was examined using both dissecting and compound microscopes. A crude index of contourfeather length was obtained by measuring the length (flattened, to nearest 0.5 mm) of feathers plucked from is expressed as the Euclidean distance to the origin, and hue as the angle (clockwise) from the origin (relative to the abscissa, R). This procedure allows color classification independent of specific properties of any given visual system (Endler 1990). Total reflectance is the proportion of reflected energy summed over the entire range of the visible spectrum (400-700 nm).
J.H. analyzed carotenoid types and concentrations in feathers from the two Tristan Bunting color morphs. Tail and belly feathers were removed from more than 20 birds of each morph. Pigments were extracted from feathers under dim light in warm, acidified (HC1) pyridine (Hudon and Brush 1992). All hydrophobic compounds were transferred to hexane in a separatory funnel. Organic epiphases were washed repeatedly with tap water and stored over anhydrous sodium sulfate in the dark and cold. Extracts in hexane were concentrated under a stream of air.
Fruits eaten by the buntings were examined as likely sources of carotenoids. There are few potential sources given the depauperate angiosperm flora on the islands (Roux et al. 1992). Empetrum rubrum and three species of Nertera produce fleshy fruits that are eaten by Tristan Buntings (Ryan 1992 Plumage variation within taxa.--Plumage varies both with age and sex. Breeding takes place in early to midsummer (austral), and is followed by a complete postbreeding molt. At least some nonbreeding birds begin molt earlier than do breeding birds. There is no evidence of a prebreeding body molt (although this may occur before our earliest arrival at the islands in midSeptember; there are no observations or specimens collected during winter). The plumage of fledglings (juveniles) is characterized by extensive streaking produced by dark grayishbrown (20) feather centers. This streaking is retained after the postjuvenile molt of contour feathers, which occurs six to eight weeks after hatching. In addition to the dark feather centers on all contour feathers, immature plumage is characterized by narrower pale fringes to the wing and tail feathers than adult birds. The color of the pale fringes on the upperpart feathers tends to be more buffy and less green than those of adults. The only region lacking streaks is the central belly.
When approximately one year old, immature birds undergo a complete molt, but retain the streaky, immature plumage. The second-year plumage is less heavily streaked on the breast and flanks than the first-year plumage, but is heavily streaked on the back, and more closely resembles the plumage of juveniles than that of adults. Hagen (1952) (Table 1) . This difference is consistent across all age groups and applies to all parts of the plumage. Only immatures with very worn plumage, that appear to have skipped the first complete molt, cannot readily be placed in one or other category (but see below for some problem areas). Matching with Smithe's color swatches fails to emphasize the large differences observed in the intensity of the yellow/ green coloration. Lowland birds look washed out and drab compared with the rich colors of upland buntings. In a series of adult skins, differences between morphs are greater than those between sexes, with male uplands brighter than female uplands, which are in turn brighter than both male and female lowlands.
Quantitative analysis of back and belly plum- (53) Buff ( age color confirmed that upland birds have more intense yellow coloration than lowland birds. Color scores of the two morphs did not overlap (Fig. 2) . Upland birds had consistently greater scores for both LM (red-green) and MS (yellowblue), irrespective of sex, resulting in the color of both the back and belly plumage having a significantly greater chroma (color "saturation") than lowland birds ( The brighter yellow/green coloration of upland bunting plumage emphasizes the contrast with the dark feather centers, making upland birds appear more streaked than lowland birds. It also makes the dark feather centers appear darker than those of lowland birds. Among upland adults, the streaks on the crown are particularly prominent because they retain a high degree of contrast with the green feather edges. The bright yellow underparts of upland birds also contrast more strongly with the blackish neutral gray (82) underdown when the plumage is ruffled than do the underparts of lowland birds. In addition to the effects of reduced contrast, streaking on the upperparts of lowland birds (back, nape and crown in particular) is less marked than that of upland birds because of reduced definition of the green feather edges (i.e. the transition from dark to pale coloration within each feather is less clear-cut among lowland birds).
The color differences between the two Tristan
Bunting morphs exist from hatching. Both have grayish down, but the skin of newly hatched lowland buntings is pink (7), whereas that of upland buntings is chrome orange (16). Similarly, the bill and legs of lowland chicks are pink and the gape is pale straw yellow (56), whereas the bill of upland birds is tinged yellow, and the legs and gape are bright spectrum yellow (55). Older chicks differ in the color of the base of the bill: pale straw yellow in lowland birds, and orange-yellow (18) Distribution of color morphs on Inaccessible Island.--Knowledge of the distribution of buntings is best for the northwestern part of Inaccessible Island, although at least brief visits were made to most parts of the island (Fig. 1) . The two morphs of Tristan Bunting have largely parapatric distributions, each found in different vegetation types (Fig. 3; for The situation on the eastern plateau is confused by the widespread occurrence of hybrids between Wilkins' and Tristan buntings in the Phylica arborea woodland (Fig. 3) (Table 5) . Most of these visits lasted only a few days, and many visitors failed to reach the plateau, which is accessible only from the exposed, western side of the island. Even the scientists who visited the island for longer periods (viz. Hagen, Rowan and Elliott; see Table 5 ) failed to collect buntings on the island plateau. The paucity of field experience and collected specimens, especially on the island's plateau, coupled with the considerable age-and sex-related plumage variability within taxa, presumably accounts for the two Tristan Bunting color morphs being 
